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INTRODUCTION
Visual displays have been widely used to gain information. However, it is evident that visual displays in handheld mobile devices can be limited in the delivery of the full feelings of people. Thus, a haptic interface with tactile feedback can play an important role in the delivery of accurate and obvious feelings between human and machine [1] . In addition, a tactile sensation is about five times faster than a visual one [2] . A vibrating motor [3] , solenoid type actuator, and piezoelectric actuator have been generally used until now to generate haptic feeling in mobile devices. Piezoelectric actuators with the advantages of low power consumption and a fast response time can produce various kinds of vibration for haptic feelings [4] . Pb(Zr,Ti)O 3 (PZT) composition ceramics, which have been widely utilized for piezoelectric device application, contain the toxicity of lead oxide. The use of these ceramics can cause serious environmental pollution and human health problems. In addition, it is very difficult to maintain the reproducibility of the original ceramic composition due to the fluctuation in composition of the ceramics caused by the rapid evaporation of PbO when sintered at temperatures above 1,000℃. Thus, PbO should be excessively added to prevent composition fluctuation in the manufacture of PZT system ceramics. It also can cause serious environmental problems. Therefore, it is necessary to develop new lead-free piezoelectric composition ceramics to replace PZT-based ceramics. Lead-free piezoelectric ceramics, such as tungsten bronze type, bismuth layered type, and alkaline niobate-based type ceramics, have been extensively studied for the replacement of lead-containing ceramics. However, it is difficult to obtain the dense lead-free piezoelectric ceramic using ordinary sintering methods due to the high volatility of alkaline elements at high temperatures. Therefore, the optimum sintering temperature plays an important role in obtaining excellent electrical properties. Accordingly, special manufactur-ing techniques have been used, such as high-energy ball milling, hot-working (forging and hot-pressing) [5] , reactive templated grain growth [6] and spark plasma sintering, for the fabrication of lead-free ceramics with excellent properties. However, the above methods are not suitable for mass production. Recently, much attention has been paid to potassium sodium niobate ceramic (KNN) with a perovskite structure due to their excellent ferroelectric properties using the conventional sintering method. In this study, KNN-based (K 0.5 Na 0.5 )(Nb 0.97 Sb 0.03 )O 3 ceramics were fabricated according to the K 4 CuNb 8 O 23 (KCN) addition using the conventional mixed oxide method for piezoelectric actuator application. The effect of KCN addition on the structure and piezoelectric properties of (K 0.5 Na 0.5 )(Nb 0.97 Sb 0.03 )O 3 ceramics were investigated.
EXPERIMENTS
(K 0.5 Na 0.5 )(Nb 0.97 Sb 0.03 )O 3 +0.9 mol% K 5.4 Cu 1.3 Ta 10 O 29 + x mol% K 4 CuNb 8 O 23 (x = 0, 0.2, 0.6, 0.8) ceramics were prepared by a conventional ceramic technique. High-purity oxide powders (>99%) were used as the starting raw materials. The weighed powders were mixed by ball-milling with zirconia balls for 24 hours in acetone and then dried in an electric oven. After calcinations at 880℃ for 6 hours, the calcined powders were weighed according to mol ratio with K 5.4 Cu 1.3 Ta 10 O 29 (KCT) and K4CuNb8O23 (KCN) and milled again for 24h. The milled powders using polyvinyl alcohol (PVA) as a binder were sieved and pressed into disks 21 mmΦ in diameter and 1 mm thickness under 2 ton/cm 2 . After burning out PVA, the specimens were sintered at 1,060℃ and 1,080℃ for 5 hours in air. Silver paste was fired on both sides of the samples at 600℃ for 10 minutes as the electrodes for the electrical measurements, then poled in a stirred silicone oil bath at 100℃ under a DC field of 3 kV/mm for 30 minutes. Bulk densities were measured by Archimedes Principle using distilled water. The crystallo-graphic study was confirmed by X-ray diffraction (XRD) using Cu Kα (λ = 1.5406 Å) radiation. The surface morphology of the ceramics was studied by scanning electron microscopy (SEM). The piezoelectric properties were measured by the resonance-antiresonance method using an impedance analyzer (Agilent 4294A; Agilent, CA, America). The temperature dependence of dielectric constant of the ceramics was examined using an LCR meter (AG-4304; ANDO, Japan). The piezoelectric constant d33 was measured using a piezo-d 33 meter. 
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